Chickpea is one the most important legume crops in Mediterranean semi-arid regions and its sustainable production strongly depends on the nutrient management and water availability. Soils of these regions generally have high pH, and low organic matter, which reduce the availability of micronutrients and led to multi-micronutrient deficiencies. For estimating the effect of integrated application of different levels of organic fertilizer (zero, 20 t ha ) and micronutrient fertilizers (Zn, Fe) on agronomic traits and yield components of chickpea, an experiment was carried out at the highland semi-arid regions in Piranshahr district (36° 40ʹ N, 45° 08ʹ E; 1840 m). Assessment of phenological development revealed that plants grown under control condition (no-organic and micronutrients fertilizer) had a significantly slower development. Assessment of agronomic characteristics showed that application of micronutrients fertilizer substantially increased plant height, first pod height, canopy width, number of the seed, seed weight, economic and biological yield compared to control condition. By increasing the application rate of organic fertilizer its positive effects became more impressive on growth and yield component. The best growth performance was recorded by integrated application of 40 t ha -1 organic fertilizer and micronutrients fertilizers. However, there was no significant difference between fertilizer of Fe and Zn. Overall, the results indicated that the studied site is facing with micronutrient deficiencies and application organic fertilizer can noticeably improve the efficiency of micronutrients fertilizer. A quick and supplementary approach is therefore required for remedy of both Zn and Fe deficiencies in the short term. The finding showed that a substantial yield improvement is possible by integrated application of organic and micronutrient fertilizer.
INTRODUCTION
The chickpea (Cicer arietinum L.) also called Bengal gram or Garbanzo is the most widely produced food legume in semi-arid regions and the third largest produced food legume globally. It is grown in more than 50 countries, with more than 90 % of chickpea production coming from Asia (Yadav et al., 2007) . Chickpea is very valuable in terms of nutritional quality, it is a good source of protein, and have an important role in human diet particularly in developing countries. In terms of production and cultivated area the major producing countries are India, Pakistan, Turkey, Iran, Myanmar, Australia, Ethiopia, Canada, Mexico, and Iraq. The average yield of chickpea in Iran is lower than 500 kg ha −1 ; while the world average yield is 900 kg ha −1 . Total production of chickpea in Iran was about 261,600 tons in 2014 that harvest from 598,400 ha (FAO, 2014) .
However, the semi-arid areas are faced with some restrictions and this impede the achievement of potential yield. These areas are characterized by low rainfall with high spatial and temporal variability in precipitation that leading to risk of severe drought (Snyder and Tartowski, 2006) . The soil organic matter content (SOM) is very low in these regions. The change and transformation of materials within SOM pools is a dynamic process that affected by climatic factors (temperature, precipitation, humidity, radiation density, etc.), soil characteristics (soil texture, available soil moisture and water saturation, water holding capacity, salinity and acidity, topography), vegetation (biomass production, growth rate) and soil biological condition (Bot and Benites, 2005; Janmohammadi, 2015) . In semi-arid regions nutrient imbalance is one of the major constrictions limiting productivity of chickpea (Janmohammadi et al., 2017) . However, given some of the unique characteristics of chickpeas, effort to improve its productivity under semi-arid regions should be emphasized. Among improvement possibilities, the optimal supply of nutritional requirements plays a major role.
Although the inorganic fertilizers have some benefits to sustain plant growth, they also have some weaknesses such as high possibility of leaching, high energy consumption for their production, risk of the toxic chemicals, stimulating the vegetative growth and depletion of soil water storage (Oslen, 1978) . Crop nutrient uptake and crop yields are the major factors that determine optimal fertilization practices (Ju and Christie, 2011) . Therefore, it is very important to apply fertilizers in an efficient way to minimize loss and to improve the nutrient use efficiency. On the other hand, low and declining soil organic matter contents pose a significant threat to soil fertility, crop productivity and economic returns in arid and semi-arid agroecosystems. Hence it seems that application of organic matter can improve the efficiency of chemical fertilizers significantly (Heng et al., 2005) . In this context, there are rising evidences about the positive effects of organic fertilizers on crop production in semiarid areas, however, farmers in the region rely on short-term positive effects of chemical fertilizers to maintain crop yields, and pay little attention to maintaining soil organic matter in soils (Shirani et al., 2002; Janmohammadi 2015; Janmohammadi et al., 2016) . Current agricultural practices involve deliberately maintaining ecosystems in a highly simplified, disturbed, and nutrient-rich state. But these conditions are fragile and if the soil conditions (low SOM and nutrients imbalance) are not improved the production will be unstable. Additional crop production by balanced nutrient managements leads to larger quantities of residue that can build up soil organic matter and provide protection from erosion. Moreover, in normal soils with some organic matter content, exchangeable cations such as Ca 2+ and Mg 2+ link clay particles to humic acids of the organic matter, generating stable micro-aggregates which are the basis for soil structure, porosity, and internal drainage (Machado and Serralheiro, 2017) . Furthermore, modern agriculture based on merely chemicals is not sustainable because of many problems such as loss of soil productivity from excessive erosion and associated plant nutrient losses, surface and ground water pollution from pesticides, fertilizers and sediments impending shortages of non-renewable resources and low farm income from high production costs (Joshi et al., 2016) .
Application of organic matter to meet the nutrient requirement of crops would be an inevitable practice in years to come, particularly for resource-poor farmers. Also, ecological and environment concerns over the increased and indiscriminate use of inorganic fertilizers have made research on use of organic materials as a source of essential nutrients. However, the use of organic manures alone may not be sufficient to meet the enormous nutrient requirements of present day high yielding cultivars (Satyanarayana et al., 2002) .
The long-term sustainability of many existing cropping systems in arid and semi-arid environments is questionable because of very low return of organic matter to the soil and high decomposition rate of organic matter that can lead to very low organic matter contents in soils. Therefore, large annual rates of organic inputs are required to sustain an adequate labile soil organic matter pool in cultivated area. Organic manures may increase soil fertility and thus the crop production potential possibly by changes in soils physical and chemical properties including nutrient bioavailability, soil structure, water holding capacity, cation exchange capacity, soil pH, microbial community and activity etc. (Bot and Benites, 2005; Marschner, 2012; Machado and Serralheiro, 2017) . Despite the fact that micronutrients (such as Zn and Fe) are required in very low concentrations by plants, they are necessary for plant metabolism and growth as macronutrients. The availability and uptake of micronutrients are significantly affected by SOM application and subsequent changes in rhizosphere (Marschner, 2012) .
Although the effect of micronutrient fertilizers and farmyard manure have been partially deliberate in semi-arid regions, little attention has been paid to integrated application of organic and inorganic micronutrient fertilizers in continuous cultivated lands with greater nutrient removal from soil. There is close relationship between the SOM and soil fertility that is defined as the capability to sustain plant productivity and maintain or enhance water and air quality (Karlen et al., 1997; Mader et al., 2002; Wang et al., 2014) . To our knowledge, there are few published studies available on integrated application of micronutrient at different organic fertilizer rates on productivity of chickpea in semiarid highland region. We hypothesize that under Mediterranean semi-arid regions the expected efficiency of micronutrients fertilizers will be achieved by providing a threshold or minimum level of organic matter. The objective of the present study was therefore the examination of this hypothesis by investigating whether organic fertilizer can improve the efficiency of micronutrients in chickpea production system.
MATERIAL AND METHODS
Field experiments were carried out at an Experimental Farm around of Piranshahr, North-west of Iran (36° 40ʹ N, 45° 08ʹ E; 1840 m) during the 2016 -2017 seasons. In terms of climate classifications, the area is located in the semi-arid temperate zone with cold winter and moderate summer. Long-term average mean air temperature for the April until August period is 17.8 °C. The average annual temperature in Piranshahr is 11.5 °C. The average of annual rainfall plus snowfall is 550 mm that the most of rainfall occurs in winter and spring. For soil analysis the composite soil samples were collected two weeks before planting, at a depth of 0 -30 cm. The soil was air-dried and crushed before its pH, electrical conductivity (EC), and saturation percentage were evaluated. Then total organic carbon (using the Walkley and Black method, which involves sulphuric acid), total nitrogen (using the Kjeldahl method), available phosphorus (using the Olsen procedure), available potassium (after extraction with ammonium acetate) and total neutralizing value (TNV) were determined following the method as described by Jackson (1973 ) Tandon (1995 were measured.
The soil texture of the experimental site is clay loam, comprising of 26 % sand, 333 % silt and 41 % clay. It contains 0.36 % organic matter (OM) with a pH of 7.35, with electrical conductivity (EC) = 1.13 ds m ), and 247 mg kg -1 available potassium (K). The previous crop was safflower (Triticum aestivum L.). After deep ploughing at autumn of 2016 the field was abandoned as bare fallow during the winter. Soil disked tow times before the planting and seeds were hand planted on 2 April, 2017. The Kabuli Chickpea (Cicer arietinum L.) cultivar "Hashem" was used in the experiment. The obtained seeds were propagated in isolated fields under full irrigated condition, according to Sabaghnia et al. (2015) , in northwest of Iran. Before the start of the experiment seeds were treated with a mixture of carboxin (5, 6-dihydro-2-methyl-1,4-oxathiin-3-carboxamide) and actellic (a.i. pirimiphos methyl) at (2 : 1) to minimize the probability of seed-and soil-borne diseases.
The experimental design was Split block with a control in randomized complete block design with four replications. Main plot treatments consisted of three farmyard manure rates: 0,20 and 40 t ha -1 . Sub plot treatments were two levels of micronutrient (Zn and Fe; 2 kg ha -1
). The subplot treatments were randomly assigned independently within each main plot. Control or check plot received no treatments. Micronutrients fertilizers (containing 18.0 % and 13.0 % water soluble iron and zinc) was divided into three equal parts; the first part of the micronutrients was applied at planting time, second and third parts used at 6 -8 leaves and flowering stages (R2: full bloom, most flowers are open). The micronutrient fertilizers were used as fertigation by the incorporation of fertilizers into the irrigation water. By adopting this approach, readily soluble nutrients can be supplied directly to the root volume thereby maximizing nutrient efficiency and minimizing over fertilization and leakage to underground water with possible damage to the environment. Chemical properties of organic fertilizer included CEC = 33.51 meq/100 g, 0.75 % of total N, 0.54 % of available P and 1.23 % of available K, 480 mg kg -1 Fe, 231 mg kg -1 Zn, pH 6.78. Seeds of chickpea were hand planted on 12 April in five row plots, 5 m long with spacing of 0.5 m between rows. Two seeds were sown per hill. The field was immediately irrigated after planting to ensure uniform germination. After germination, the plants were thinned to one seedling per hill to obtain about 36 plants per m -2 . Weeds were controlled over the growth period with hand hoeing. A small terrace (1.5 m) was considered in the interspaces to prevent contamination by surface run-off containing fertilizer.
Timely and efficient monitoring of crop phenology at a high spatial resolution are crucial for the precise and effective management. Crop phenology was monitored at 1 -2 day intervals throughout the season and three stages of crop development were highlighted. Those three stages include: flowering (50 % of the plants had one open flower at any node on the main stem in any plot); yellowing (50 % of leaves and pod lost the green color and became the yellow) and harvest maturity (95 % of pods have obtained their mature color in any plot).
No irrigation was applied during the vegetative phase and plants were grown under rainfed condition and only three supplemental irrigations applied during the reproductive stage (flowering, podding and seed filling stages). The amount of irrigation water was calculated to restore water content in the root zone to field capacity. Depth of net irrigation water fraction was ~110 mm. All necessary cultural practices and plant protection measures were followed uniformly for all the plots during the entire period of experimentation. Canopy width is a measure of the footprint or area of the canopy expressed as a diameter. The canopy width measurement is the average length of two lines across the canopy area. The first measurement is made along the longest axis of the canopy from one edge to the opposite edge. The plants were harvested at physiological maturity and morphological traits such as plant height, total number of pods, filled and unfilled pods per plant, number of grains per pod, number of grains per plant and 100 -grain weight were recorded on 15 randomly selected plants in each plot. Grain and biological yield was determined by harvesting the middle three rows of each plot. Harvest index was calculated as the ratio of seed yield to aboveground dry matter at maturity. Data on agro-morphological traits were subjected to the analysis of variance (ANOVA) using the computer software SAS 9.1. The LSD test at 5 % level of probability was used to test significant main effects. Principal components analysis is a mathematical procedure used to classify a large number of variables (items) into major components and determine their contribution to the total variation. The first principal component is accounted for the highest variability in the data, and each succeeding component accounts for the highest remaining variability as possible. The principal components analysis (PCA) was used based on Everitt and Dunn (1992 PH = plant height at maturity (cm), FPH: firs pod height (cm), DF: days to 50 % flowering, VP: vegetative period (day), CW: canopy width, DY: day to yellowing, DM: days to maturity, PFW: plant fresh weight (g), PDW: plant dry weight (g). M = micronutrient, O = organic fertilizer, M × O = interaction effect of micronutrient and organic fertilizer. CV = coefficient of variance. NS = Not significant, * = Significant at 5 % level of probability, ** = Significant at 1 % level of probability. Mean values of the same category followed by different letters are significant at p ≤ 0.05 level. 
RESULT
Analysis of Variance (ANOVA) of morphological and phenological traits are shown in Tab. I. Assessment of plant height showed that organic fertilizer affected this trait significantly (P < 0.05) and the tallest plants obtained by application of 40 t ha -1 organic fertilizer. Also the effect of micronutrient on plant height was significant (P < 0.05) so that the plants grown by Zn had The highest height. The height of first pod affected by organic fertilizer significantly (P < 0.05) so that the application of organic fertilizer considerably increased the height of first pod.
Number of the days to 50 % flowering was not affected by micronutrients and organic fertilizer. However, the length of vegetative period (days from swing to early bloom; when the first flowers are opened) noticeably influenced by organic fertilizer and plants grown under high level of organic fertilizer had a longer vegetative period (Tab. I). Although the application of micronutrient increased the length of vegetative period in comparison with control, there was no significant difference between plants grown by Fe and Zn fertilizers. Evaluation of the canopy with showed that plants lateral growth increased by application of 40 t ha -1 organic fertilizer significantly (P < 0.01). However, no significant difference was observed between Fe and Zn application. Assessment of the yellowing (reaching to stage R 7 when the leaves start to yellow and 50 % of pods are yellow) revealed that none of the treatments have a significant effect on this trait. The interaction effect of organic fertilizer × micronutrients was significant for days to maturity. Mean comparison of combined treatments for days to maturity showed that the difference between micronutrients was more pronounced under high organic fertilizer condition. The latest maturity was observed for plant grown under control condition and O 40 -Zn (application 40 t ha -1 organic fertilizer along with Zn) (Fig. 1) .
Plant fresh weight meaningfully responded to organic fertilizer so that application of organic fertilizer increased the plant fresh weight significantly (Tab. I). Although the application of micronutrients increased the plant fresh weight compared with control, there was no significant difference between plants grown by Fe and Zn. Evaluation of plant dry weight showed that application Fe increased this trait by 6 % compared with plant grown by Zn. Also results revealed that with increasing use of organic fertilizer plant dry weight linearly increased.
Evaluation of the seed number per plant showed that the interaction effect of organic fertilizer × micronutrients was significant for this trait (Tab. II). Although the application of the micronutrient increased the seed number, their positive influence significantly increased by organic fertilizer application. The highest seed number was recorded for plants grown under O 40 -Zn and O 40 -Fe (Fig. 2) . The lowest seed number was recorded under control condition (no application of micronutrients and organic fertilizer). Seed number per pod also increased by application of 40 t ha -1 organic fertilizer significantly (Tab. II). Seed weight per plant affected by micronutrient fertilizers (P < 0.05) so that the plant grown by Fe showed better performance. Also, application of the organic fertilizer improved the seed yield significantly. The heaviest seeds were recorded for plants grown under application of 40 t ha -1 organic fertilizer (Tab. II). However, micronutrients application had no significant effects on seed weight.
ANOVA showed that number of the pod per plant considerably affected by both factors.
2: The effects of organic fertilizer and micronutrients on number of the seed in chickpea plants grown in semi-arid highland region. O0: without organic fertilizer, O20: 20 t ha-1 organic fertilizer, O40: 40 t ha-1 organic fertilizer. Control: without application of organic and micronutrients fertilizers.
The lowest pod was recorded for plants grown under control condition. Although there was no significant difference between pod number of the plants grown by Fe and Zn, by increasing the application rate of organic fertilizers pod number significantly increased (Fig. 2) . ANOVA showed that the interaction effect of organic fertilizer × micronutrients was significant for empty pod per plant. The lowest empty pod was recorded for plants grown under application of 40 t ha -1 organic fertilizer. Mean comparison of micronutrients showed that plant grown by application Fe had lower empty pod than plants grown by Zn. The highest empty pod number recorded for plant grown under control condition (Fig. 3) . Seed yield affected by micronutrient and organic fertilizer. The mean comparison of seed yield between combined treatments showed that the highest value was obtained by combined application of 40 t ha -1 organic fertilizer and micronutrients. Although the effect of Zn was more prominent than Fe under no-application of organic fertilizer, there was no significant difference between micronutrient under organic fertilizer application (Fig. 4) .
However, the assessment of harvest index showed that application of micronutrient and organic fertilizer induced the vegetative growth and decreased the harvest index. The lowest value of harvest index was recorded for plants grown under application of 20 t ha -1 organic fertilizer. The highest amount of harvest index was recorded for plants grown under control condition (Fig. 5) SNP: seed number per plant, SPP: seed number per pod, SWP: seed weight in plant, HSW: hundred seed weight (g), PNP: pod number per plant, EPP: empty pod per plant, SY: seed yield (kg ha -1), HI: harvest index ( %), STW: straw yield (kg ha -1). M = micronutrient, O = organic fertilizer, M × O = interaction effect of micronutrient and organic fertilizer. CV = coefficient of variance. NS = Not significant, * = Significant at 5 % level of probability, ** = Significant at 1 % level of probability. Mean values of the same category followed by different letters are significant at p ≤ 0.05 level. (Fig. 6) shows that the first three eigenvalues correspond to the whole percentage of the variance in the dataset. The first principal component (PC1) is seed yield and yield components that explained 65 % of total variability. The traits that contributed more positively to PC1, plant height, canopy width, plant fresh weight, pod number per plant and biological yield. The second principal component (PC2) explains 21 % of total variability and among the property vectors of PC2 phenological traits have higher values. The third principal component (PC3) was related harvest index and explain about 7 % of total variability.
3: The effects of organic fertilizer and micronutrients on number of the empty pods in chickpea plant
In the Fig. 7 , the most prominent relations are: a strong positive association among seed weight, plant fresh weight, plant height, canopy width, straw yield, pod number per plant and phenological traits and seed number per pod. There was a negative correlation between first pod height, empty pod numbers and seed yield as indicated by the open obtuse angles between their vectors (r = cos 180 = -1). There was no significant correlation between day to flowering and seed yield as indicated by the near perpendicular vectors (r = cos 90 = 0). To better recognizing the similarity of combined treatments in affecting the agronomic traits the treatments are displayed in clusters (Fig 8) . Cluster I consisted of micronutrient application under no-application of organic fertilizer (O 0 -Zn and O 0 -Fe). Cluster II consisted of control (noapplication of micronutrient and organic fertilizer) that plant showed the poorest performance. Cluster III consisted of micronutrient application along with use of 20 t ha -1 organic fertilizer. Cluster IV consisted of micronutrient application along with utilization of 20 t ha -1 organic fertilizer. Clustering results point to the very high importance of organic fertilizer in the studied area. Micronutrient fertilizers efficiency in soils and crops can be affected by different fertilization practices.
DISCUSSION
The finding revealed that organic fertilizer considerably increased the plant growth characteristics such as plant height, canopy width and plant fresh weight. Also it affected the plant phenology so that plants received the organic fertilizer showed a longer vegetative growth period. In semi-arid region with sufficient irrigation a long vegetative growth period can resulted in increased the leaf area and subsequently enhance the supply of photoassimilate for growing reproductive meristems. The result showed that aapplication of organic fertilizer, especially in large quantities, could affect the source-sink relationship. Within a plant, the "source" may be defined as a photosynthesizing tissue or organ with export of carbon skeletons, the "sink" as one requiring import of carbon, the "sink strength" as the ability of a tissue or an organ to mobilize photo-assimilates, the "sink capacity (or sink size)" as the capacity of a tissue or organ to import and store further compounds from the source(s) and the "sink activity" by the rate of respiration. The source-sink relationship determines crop yield, and it is largely regulated by water and nutrients in agricultural production (Foyer and Paul, 2001) . It has been reported that there is a positive significant relationship between length of vegetative phase and seed yield (Sadras and Calderini, 2009 ). This finding corroborates the result of Janmohammadi et al. (2014) who found that farm-yard manure significantly increased the characteristics regarding the size and strength of the source.
The dominant soils of semi-arid region are inherently infertile due to low, sporadic and variable precipitation, moisture stress, poor ground coverage, low amount of plant residues, overgrazing, degradation of organic material, deficiencies / imbalances in nutrients, low cation exchange capacity, poor aeration, high pH (alkalinity), salinity, impermeability, shallowness, textural problems (crusting, hardening, stoniness), high temperature (Sivakumar et al., 2013 ) . In neutral to alkaline soils of semi-arid region, where chickpea is usually grown, Zn and Fe deficiencies is prevalent. Our results about positive effects of micronutrients are in line with findings of Janmohammadi et al. (2012) who reported that both vegetative and grain yield of chickpea increased by application of micronutrient (Fe and Zn) and bio-fertilizer inoculation.
In this study comparison of the plants growth under control and micronutrients utilized condition indicated that the soil of studied area is faces with both Fe and Zn deficiencies. Although the deficiencies of micronutrients in semi-arid regions is approximately prevalent and widespread, limited researches have been published on approaches for improving the efficiency of micronutrient fertilizers and increasing their availability in soil. Although the soil of semi-arid areas suffer a serious micronutrient deficiency, the results showed that the use of micronutrient fertilizers in poor soil with low SOM has little positive effect. This also accords with our earlier observations, which revealed that the supply of critical level of organic matter is necessary for achieving to economic yield and is essential for emerging of the positive effects of other inputs (Janmohammadi et al., 2016) .
The results of cluster analysis revealed that the effects of Fe and Zn on agronomic traits were largely similar and this imply the severe deficiency of both elements in the soil. Then, the utilization of fertilizers containing different micronutrients is strongly recommended to achieve the potential yield. Furthermore our finding showed that integrated application of organic and micronutrients fertilizer significantly improved the efficiency of chemical fertilizers. The findings are consistent with those of Yang et al. (2011) who reported that organic manure combined with chemical fertilizer application reduced soil bulk density, increased total porosity, improved soil water retention, and decreased unsaturated hydraulic compared with application of only chemical fertilizer. Organic fertilizer play critical role in the improvement of soil structure, aeration and water holding capacity. Also, it stimulates the activity of microorganisms and it may increase nutrient solubility, decrease soil salinity and sodicity and regulate pH (Sheta et al., 2003) .
Although the root of the chickpea has the ability to nitrogen fixation, a glancing comparison of number of nodes on roots in different organic fertilizer level indicated that the lowest nod number was related to plant grown under no-application of organic fertilizer. Micronutrients are essential for the biological nitrogen fixation process. Our results demonstrated that there is synergic effects between organic and inorganic fertilizers. Increasing effect integrated application of organic and inorganic fertilizer on soil enzyme activities has been reported by Liu et al. (2017) . Soil enzymes activities are introduced as biological indicators of soil health. This confirmed that organic fertilizer, due to its high level of organic C, was more favorable for increasing soil organic C in a short term (Elzobair et al., 2016 finding is in agreement with Liu et al. (2017) findings which showed Organic fertilizer had more favorable impacts on nutrient availability and microbial activity and typically increased rice yield compared to the chemical fertilizer. However, the environmental fate of micronutrients and their availability to plants are controlled by a diversity of soil variables such as pH, organic matter, calcium carbonate content, cation exchange capacity (Najafi-Ghiri et al., 2013) . Some of the physicochemical characteristics of the soil in semi-arid regions may lead to the fixation of micronutrients. Accordingly sustainable nutrient use efficiency could be attained by rational agronomic managements which take into account timely synchronization of nutrient application with plant roots development, or use of slowrelease fertilizers, and foliar feeding (Sheta et al., 2003; SelvaPreetha et al., 2014) .
Overall findings showed that in studied area modern agriculture based on only chemicals fertilizer will not be prosperous because of many problems such as poor soil condition, imbalanced nutrients, surface and ground water pollution from fertilizers and sediments impending shortages of non-renewable resources and low farm income from high production costs (Joshi et al., 2016) . However, there is increasing awareness of the need for corrections in nutritional management in chickpea production system in semi-arid region. Although, chemical micronutrient fertilizers are playing a crucial role to meet the nutrient requirement of the crop, using them in poor soil conditions will not be fruitful. Therefore, there is an urgent need to reduce the usage of chemical fertilizers and subsequently increase the application of organic fertilizers. Integrated application of micronutrient and organic fertilizers, helps to improve different aspect of soil properties and can result in higher and sustainable seed yield.
CONCLUSION
The finding of current study showed that seed yield, straw yield and harvest index affected by organic fertilizer application. Although the organic fertilizer improved the both seed and vegetative growth, its positive effects on vegetative growth was more impressive that the lowest harvest index was recorded under application of 20 t ha -1 organic fertilizer. Finding revealed that the positive effect of organic fertilizer on chickpea productivity was more prominent than micronutrient fertilizers. In spite of the some improving effects of Fe and Zn on growth and yield component, their best effect was observed under integrated application with organic fertilizer. Based on findings of study, it can be recommended that application of multi-micronutrients along with high level of organic fertilizer is feasible for enhancing yield of chickpea economically under agro-climatic conditions of North West of Iran. The majority of the farmers adopt this crop under limited resource conditions and unbalanced nutrition, therefore the integrated application of organic fertilizer and inorganic fertilizers in realistic and affordable doses is necessary for the sustainable chickpea production. The results showed that increasing the efficiency of micronutrient fertilizers in semi-arid conditions requires the improvement of soil physical-chemical properties.
